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[57] ABSTRACT 

A differential amplifier circuit has a differential amplifier 
circuit section for amplifying a difference voltage between 
an inverting input node and a non-inverting input node, and 
an output buffer circuit for outputting, to an output node, the 
amplified difference. The differential amphfier circuit sec- 
tion is connected to a first high potential power supply node 
and a first low potential power supply node, and is driven by 
potentials applied to the first high potential and first low 
potential power supply nodes. The output buffer circuit is 
connected to a second high potential power supply node and 
a second low potential power supply node, and is driven by 
potentials appfied to the second high potential and low 
potential power supply nodes. 

16 Claims, 5 Drawing Sheets 
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DIFFERENTIAL AMPLIFIER CIRCUIT AND 
LOAD DRIVING CIRCUIT INCORPORATING 
THE DIFFERENTIAL AMPLIFIER CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

Hie present invention relates to a differential amplifier 
circuit and a load driving circuit including the differential 
amplifier circuit. More specifically, the present invention 
relates to a differential ampHfier circuit having a differential 
amplifier circuit section which amplifies a difference voltage 
between a non-inverting input node and an inverting input 
node, and an output buffer circuit, which outputs a signal 
based on the output of the differential amplifier circuit 
section. 

2. Background Art 

FIG. 9 shows a structure of a conventional differential 
amplifier circuit. In FIG. 9, reference numeral 1 denotes a 
high potential power supply node to which a positive power 
supply potential is applied; 2, a low potential power supply 
node at a ground potential; 5, an inverting input terminal to 
which a first input signal is input; 6, a non-inverting input 
terminal to which a second input signal is input; and 7, an 
output terminal. Reference numeral 10 denotes a differential 
amplifier circuit driven by potentials that are appHed to the 
high potential and low potential power supply nodes 1 and 
2. The differential amplifier circuit 10 amplifies a difference 
voltage between first and second input signals that are input 
to the inverting and non-inverting input terminals 5 and 6, 
respectively, and outputs an amplified difference voltage to 
the output terminal 7. 

However, in the above -configured differential amplifier 
circuit, the dynamic range of the output signal depends on 
the potentials that are applied to the high potential and low 
potential power supply nodes 1 and 2. 

In general, potential of 5 V or 12 V is used in a semi- 
conductor integrated circuit device that incorporates the 
differential amplifier circuit. For example, where a potential 
of 5 V is appUed to the high potential power supply node 1, 
the dynamic range of the output of the differential amplifier 
circuit 10 is about 0 V to about 5 V (correctly, it is narrower 
than this range because of the influence of a transistor at the 
output stage of the differential amplifier circuit 10). Where 
a potential of 12 V is applied to the high potential power 
supply node 1, the dynamic range of the output of the 
differential amplifier circuit 10 is about 0 V to about 12 V 
(correctly, it is narrower than this range because of the 
influence of a transistor at the output stage of the differential 
amplifier circuit 10). 

Where a potential of 5 V is applied to the high potential 
power supply node 1 in the differential amplifier circuit 10, 
the upper potential limit of the output is not sufficiently close 
to 5 V 

Further, even where the output needs to be 5 V or more 
but need not be as high as 12 V, a potential of 12 V is applied 
to the high potential power supply node 1. In this case, the 
power consumption of the entire differential amplifier circuit 
is unnecessarily large. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the above 
problems, and an object of the present invention is therefore 
to provide, in a semiconductor integrated circuit device to 
which two different, positive potentials, for instance, are 
applied, a differential amphfier circuit having an output with 
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a dynamic range that is higher than the lower potential 
power supply and lower than the higher potential power 
supply. 

A second object of the present invention is to provide, in 

5 a semiconductor integrated circuit device to which two 
different, positive potentials, for instance, are applied, a load 
driving circuit including a differential amplifier circuit, the 
load driving circuit being low in power consumption and 
suppUed with desired potentials. 

According to one aspect of the present invention, a 
differential amplifier circuit comprises a differential ampli- 
fier circuit section and an output buffer circuit connected to 
the differential amplifier circuit section. 

The differential amplifier circuit section is connected to a 
first high potential power supply node, to which a positive 
first potential is applied, and a first low potential power 
supply node, to which a ground potential is appHed, and 
driven by potentials applied to the first high potential power 
supply node and the first low potential power supply node. 
The differential amplifier circuit section ampUfies a signal 
based on the different voltage between a non-inverting input 
node and an inverting input node. Further, the output buffer 
circuit is connected to a second high potential power supply 

^ node, to which the positive first potential is applied, and to 
a second low potential power supply node, to which a 
second potential, lower than the first potential, is applied, 
and driven by potentials applied to the second high potential 
power supply node and the second low potential power 

30 supply node. The output buffer circuit outputs, to an output 
node, a signal based on the signal appearing at the output 
node of the differential amplifier circuit section. 

According to another aspect of the present invention, in a 
load driving circuit, a first high potential power supply 

35 potential node is provided to which a first potential is 
applied. A first low potential power supply potential node is 
provided to which a second potential, lower than the first 
potential, is applied. A second high potential power supply 
node is provided to which a third potential, different from 

4Q the first power supply potential, is applied. A second low 
potential power supply node is provided to which a fourth 
potential, lower than the third potential, is appfled. A third 
high potential power supply node is provided to which a fifth 
potential, different from the first potential, is applied. A third 

45 low potential power supply node is provided to which a sixth 
potential, lower than the fifth potential, is applied. A first 
input terminal is provided to which a first input signal is 
applied. A second input terminal is provided to which a 
second input signal is applied. First and second output 

5Q terminals are provided to which a load is to be connected. 
Further, a first differential amplifier circuit is provided 
which includes a first differential amplifier circuit section 
and a first output buffer circuit. The first differential amph- 
fier circuit section is connected to the first high potential 

55 power supply node and the first low potential power supply 
node, and has an inverting input node connected to the first 
input terminal and a non-inverting input node connected to 
the second input terminal. The first output buffer circuit is 
connected to the second high potential power supply node 

60 and the second low potential power supply node, and has an 
input node connected to the output node of the first differ- 
ential amplifier circuit section and an output node connected 
to the first output terminal. 

Further, a second differential amplifier circuit is provided 

65 which includes a section differential amplifier circuit section 
and a second output buffer circuit. The second differential 
amplifier circuit section is connected to the first high poten- 
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tial power supply node and the first low potential power 
supply node, and has a non-inverting input node connected 
to the first input terminal and an inverting input node 
connected to the second input terminal. Hie second output 
buflfer circuit is connected between the third high potential 
power supply node and the third low potential power supply 
node, and has an input node connected to the output node of 
the second differential amplifier circuit section and an output 
node connected to the second output terminal. 

In another aspect of the present invention, in the load 
driving circuit, an output reference potential node is pro- 
vided to which an output reference potential is applied. A 
first resistive element connects the inverting input node of 
the first differential amplifier circuit section to the first input 
terminal. A second resistive element connects the non- 
inverting input node of the first differential amplifier circuit 
section to the second input terminal. A third resistive ele- 
ment connects the inverting input node of the first differen- 
tial ampUfier circuit section to the output node of the first 
output buffer circuit of the first differential amphfier circuit. 
A fourth resistive element connects the output reference 
potential node to the non-inverting input node of the first 
differential ampUfier circuit section. A fifth resistive element 
connects the inverting input node of the second differential 
amplifier circuit section to the second input terminal. A sixth 
resistive element connects the non-inverting input node of 
the second differential amplifier circuit section to the first 
input terminal. A seventh resistive element connects the 
inverting input node of the second differential amplifier 
circuit section to the output node of the second output buffer 
circuit. An eighth resistive element connects the output 
reference potential node to the non-inverting input node of 
the second differential amplifier circuit section. 

Other and further objects, features and advantages of the 
invention will appear more fiiUy from the following descrip- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention wiU be described in further detail by way 
of examples with reference to the accompanying drawings. 

FIG. 1 shows a basic construction of a differential ampli- 
fier circuit according to a first embodiment of the present 
invention. 

FIG. 2 shows a circuit configuration of a differential 
amplifier circuit according to a first embodiment of the 
present invention. 

FIG. 3 shows a circuit construction of a load driving 
circuit according to a second embodiment of the present 
invention. 

FIG. 4 shows voltage waveforms appearing in the load 
driving circuit shown in FIG. 3. 

FIG. 5 shows a circuit structure of a load driving circuit 
in a semiconductor integrated circuit device according to a 
third embodiment of the present invention. 

FIGS. 6, 7, and 8 show equivalent circuit diagrams of first, 
second, and third differential amphfier circuits incorporated 
in the semiconductor integrated circuit device shown in FIG. 
5. 

FIG. 9 shows a conventional differential amplifier circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

FIGS. 1 and 2 show a differential amplifier circuit accord- 
ing to a first embodiment of the present invention. In FIG. 
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1, reference numeral 1 denotes a first high potential power 
supply node to which a first potential Vbs is applied. In the 
first embodiment, the first potential Vbs is the higher of two 
different positive potentials and is 12 V, for instance, Ref- 

5 erence numeral 2 denotes a first low potential power supply 
node to which a second potential, lower than the first 
potential Vbs, is applied. In the first embodiment, the second 
potential is the ground potential (GND). Reference numeral 
3 denotes a second high potential power supply node sepa- 

10 rate from the first high potential power supply node 1 and 
suppUed with a third potential Vm. In the first embodiment, 
the third potential Vm is either the higher of the two different 
positive potentials, for instance, 12 V, or the lower, for 
instance, 5 V. Reference numeral 4 denotes a second low 

15 potential power supply node to which a fourth voltage Vmg 
is applied, a potential that is lower than the third potential 
Vm. In the first embodiment, the fourth potential is either the 
lower of the two different positive potentials, for instance, 5 
V, or the ground potential. 

20 Reference numeral 5 denotes a first input terminal to 
which a first input signal is applied. In the first embodiment, 
the first input signal is a reference potential (potential for 
comparison). Numeral 6 denotes a second input terminal to 
which a second input signal is input. Numeral 7 denotes an 

25 output terminal to which a load is connected. 

Further, reference nimaeral 10 denotes a differential 
amplifier circuit. As shown in FIG. 2, the differential amph- 
fier circuit 10 comprises a differential amplifier circuit 
section 100, for amplifying a difference voltage appearing 

30 between an inverting input node and a non-inverting 
input node "+", and an output buffer circuit 200 for 
outputting, to an output node, a signal that is based on an 
output signal appearing at the output node of the differential 
amplifier circuit 100. 

35 The differential amplifier circuit section 100 is connected 
to the first high potential power supply node 1 and the first 
low potential power supply node 2, and is driven by the 
potentials applied to the first high potential power supply 
node 1 and the first low potential power supply node 2. The 

40 inverting input node and the non-inverting input node 
of the differential amplifier circuit section 100 are 
connected to the first and second input terminals 5 and 6, 
respectively. 

The output buffer circuit 200 is connected to the second 
45 high potential power supply node 3 and the second low 
potential power supply node 4, and is driven by the poten- 
tials appUed to the second high potential power supply node 
3 and the second low potential power supply node 4. The 
input nodes and the output node of the output buffer circuit 
50 200 are connected to the output nodes of the differential 
amplifier circuit secfion 100 and the output terminal 7, 
respectively. 

For example, the differential amplifier circuit section 100 
has a specific configuration shown in FIG. 2. 

55 In FIG. 2, reference numeral 101 denotes a first constant 
current source which receives the first potential Vbs from the 
first high potential power supply node 1 and supplies a 
constant current to a first common node 102. Reference 
nimieral 103 denotes a pnp bipolar transistor whose emitter 

60 electrode and base electrode are coimected to the first 
common node 102 and the first input terminal 5, respec- 
tively. Reference numeral 104 denotes a pnp bipolar tran- 
sistor whose emitter electrode, base electrode, and collector 
electrode are connected to the first common node 102, the 

65 second input terminal 6, and a first common output node 
107, respectively. The transistors 103 and 104 constitute a 
differential transistor pair. 
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Reference numeral 105 denotes an npn bipolar transistor 
whose base electrode and collector electrodes are connected 
to each other and arc also connected to a collector electrode 
of the transistor 103. The emitter electrode of the npn 
transistor 105 is connected to the first low potential power 5 
supply node 2. Reference numeral 106 denotes an npn 
bipolar transistor whose base electrode, collector electrode, 
and emitter electrode are connected to the base electrode of 
the transistor 105, the collector electrode of the transistor 
104, and the first low potential power supply node 2, 
respectively. The transistors 105 and 106 are connected in a 
current mirror circuit. 

Reference numeral 108 denotes a second constant current 
source which receives the first power supply potential Vbs 
from the first high potential power supply node 1 and 
supplies a constant current to a second common output node 1^ 
109. Reference numeral 110 denotes an npn bipolar transis- 
tor whose base electrode, collector electrode, and emitter 
electrode are connected to the first common output node 
107, a second common output node 109, and the first low 
power supply potential node 2, respectively. 20 

Reference numeral 111 denotes an output push signal 
generation circuit driven by the potential Vbs applied 
between the first high potential power supply node 1 and the 
first low potential power supply node 2, and outputs a 
potential conesponding to a potential appearing at the 25 
second common output node 109 to a first output node 112. 
Reference numeral 113 denotes an output pull signal gen- 
eration circuit driven by the potential Vbs applied between 
the first high potential power supply node 1 and the first low 
potential power supply node 2, and outputs, to a second 30 
output node 114, a potential that is in an inverted relation- 
ship with the output signal of the output push signal gen- 
eration circuit 111, in accordance with the potential appear- 
ing at the second common output node 109. Reference 
numeral 115 denotes an output feedback circuit driven by 35 
the potential Vbs applied between the first high potential 
power supply node 1 and the first low potential power supply 
node 2, and stabilizes the potential appearing at the output 
terminal 7 by feeding back a potential corresponding to the 
potential at the output terminal 7 to the inputs of the output 40 
push signal generation circuit 111 and the output pull signal 
generation circuit 113. 

Next, the output buffer circuit 200 has a specific configu- 
ration shown in a right side portion of FIG. 2. 

In FIG. 2, reference numeral 201 denotes an npn bipolar 45 
transistor whose base electrode, collector electrode, and 
emitter electrode are connected to the first output node 112 
of the differential amplifier circuit section 100, the second 
high potential power supply node 3, and the output terminal 
7, respectively. Reference numeral 202 denotes an npn 50 
bipolar transistor whose base electrode, collector electrode, 
and emitter electrode are connected to the second output 
node 114 of the differential amplifier circuit section 100, the 
output terminal 7, and the second low potential power 
supply node 4, respectively. 55 

In the differential amplifier circuit 10, the first high 
potential power supply node 1, the first low potential power 
supply node 2 for driving the differential amplifier circuit 
section 100, the second high potential power supply node 3, 
and the second low potential power supply node 4 for 60 
driving the output buffer circuit 200 are separate nodes. 
Therefore, for example, in a semiconductor integrated cir- 
cuit device to which two different positive potentials (12 V 
and 5 V, for example) are applied, it is possible to apply any 
of the following three combinations of potentials to the 65 
second high potential power supply node 3 and the second 
low potential power supply node 4. 



EXAMPLE 1 

The first potential Vbs that is applied to the first high 
potential power supply node 1 is 12 V, and the second 
potential that is applied to the first low potential power 
supply node 2 is the ground potential. 

The third potential Vm that is applied to the second high 
power potential supply node 3 is made equal to the first 
potential Vbs, lc., 12 V The fourth potential Vrag that is 
applied to the second low potential power supply node 4 is 
made equal to the second potential, i.e., the ground potential. 

When the potentials are applied in the above manner, the 
dynamic range of the output of the differential amplifier 
circuit 10 is about 0 V to about 12 V. To be precise, the 
dynamic range is narrower than the potential difference 
between the third potential Vm applied to the second high 
potential power supply potential node 3, and the fourth 
potential Vmg applied to the second low potential power 
supply node 4, depending on the relation of the potentials 
applied to the bases of the transistors 201 and 202, the third 
potential Vm applied to the second high potential power 
supply node 3, and the fotirth potential Vmg applied to the 
second low-potential power supply node 4. 

EXAMPLE 2 

The first potential Vbs applied to the first high potential 
power supply node 1 is 12 V, and the second potential 
applied to the first low potential power supply node 2 is set 
at the ground potential. 

The third potential Vm applied to the second high poten- 
tial power supply node 3 is made equal to the first potential 
Vbs, i.e., 12 V. The fourth potential Vmg that is appUed to 
the second low potential power supply node 4 is 5 V. 

When the potentials are applied in the above manner, the 
dynamic range of the output of the differential amplifier 
circuit 10 is about 5 V to about 12 V, and hence covers a 
range of about 7 V. To be precise, the upper limit of the 
dynamic range is somewhat lower than the third potential 
Vm that is appHed to the second high potential power supply 
potential node 3, influenced by the transistor 201 of the 
output stage of the differential amplifier circuit 10. The 
lower limit of the dynamic range is somewhat higher than 
the fourth potential Vmg that is applied to the second low 
potential power supply node 4, influenced by the saturated 
on-state resistance of the transistor 202 of the output stage 
of the differential amplifier circuit 10. 

Thus, in this example, a potential is obtained that is lower 
than the higher positive potential applied to the semicon- 
ductor integrated circuit device (12 V) and higher than the 
lower positive voltage (5 V). Further, since the potential 
difference between the second high potential power supply 
node 3 and the second low potential power supply node 4 is 
lower than the higher positive voltage (12 V), the power 
consumed by the output buffer circuit 200 is smaller than in 
the first example. 

EXAMPLE 3 

The first potential Vbs that is applied to the first high 
potential power supply node 1 is 12 V, and the second 
potential that is applied to the first low potential power 
supply node 2 is the ground potential. 

The third potential Vm that is applied to the second high 
potential power supply node 3 is 5 V The fourth potential 
Vmg that is applied to the second low potential power 
supply node 4 is made equal to the second potential, i.e., the 
ground potential 
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When the potentials are applied in the above manner, the instance. Reference numeral 2 denotes a first low potential 

dynamic range of the output of the differential amplifier power supply node to which a second potential, a voltage 

circuit 10 is about 0 V to about 5 V. To be precise, the upper potential lower than the first potential Vbs, is applied. In the 

limit of the output dynamic range is somewhat lower than second embodiment, the second potential is the ground 

the third potential Vm that is applied to the second high 5 potential (GND). 

potential power supply node 3, influenced by the saturated Reference numeral 3a denotes a second high potential 

on-state resistance of the transistor 201 of the output stage power supply node separate from the first high potential 

of the differential amplifier circuit 10. The lower limit of the power supply node 1 and supplied with a third potential. In 

output dynamic range is somewhat higher than the fourth the second embodiment, the third potential is the higher of 

potential Vmg that is applied to the second low potential 10 the two different positive potentials, for instance, 12 V, or the 

power supply node 4, influenced by the transistor 202 of the lower potential, for instance, 5 V. Reference numeral 4a 

output stage of the differential amplifier circuit 10. denotes a second low potential power supply node to which 

Thus, in this example, the upper limit of the output a fourth voltage, a potential lower than the third potential, is 

dynamic range can be made equal to the lower positive applied. In the second embodiment, the fourth potential is 

voltage (5 V) that is almost applied to the semiconductor 15 the lower of the two different positive potentials, for 

integrated circuit device. Further, the power that is con- instance, 5 V, or the ground potential, 

sumed by the output buffer circuit 200 is smaller than in the Reference numeral 3b denotes a third high potential 

second example. power supply node separate from the first high potential 

Incidentally, where a wide dynamic range is not required, P^^^^ ^^PP^y node 1 and suppHed with a fifth potential. In 

the foUowing potentials may be applied to decrease power ^ second embodmient, the fifth potential is either the 

consumption higher of the two different positive potentials, for instance, 

THe first potential Vbs that is applied to the first high ^ V' ""f °'''!: 

potential power supply node 1 is 5 V, and the second P"'*-"^"' P^^^ ^^PP^^ ^ connected to the second 

potential That is applied to the first low potential power high Potential power supply node 3a. Reference iiumeraUb 

o«„«iw r,^^^ -? ;o tu^ ^.....„A ^25 denotes a third low potential power supply node to which a 

supply node 2 is the ground potential. . . - * i i fif cf*u * *■ i • 

^ , sixth voltage, a potential lower than the fifth potential, is 

Tlie third potential Vm that is applied to the second high ^ ^-^^ ^j^^ ^^^^^^ embodiment, the sixth potential is the 

potential power supply node 3 is made equal to the first ^^^^^ ^^^^j ^^^^^ potentials, for instance, 5 

potential Vbs, i.e., 5 V Th, fourth potential Vmg that is -^^ ^^^^ ^^^1 

applied to the fourth low potential power supply node 4 is 3^ ^ ^^^^^-^^ ^^^^ 4^ ^ connected to the second low 

made equal to the second potential, i.e., the ground potential. potential power supply node 4a. 

When the potentials are apphed in the above manner, the Reference numeral 5 denotes a first input terminal to 

dynamic range of the output of the differential amplifier ^jji^h a first input signal is applied. In the second 

ciroiit 10 IS about 0 V to about 5 V (correctly, it is narrower embodiment, the first input signal is a reference potential 

than this range because of the influence of a transistor at the 35 (potential for comparison) that is 1.65 V or 2.5 V, for 

output stage of the differential amplifier circuit 10). instance. Numeral 6 denotes a second input terminal to 

However, the power consumption is smaller than in the ^^^^ ^ g^cond input signal is input. Numeral 7a denotes a 

Examples 1, 2, and 3. output tenminal to which one end of a load 8 (for 

In the differential amplifier circuit 10, the output dynamic instance, an actuator) is connected, and numeral 7b denotes 

range can be selectively determined by the potentials applied 40 a second output terminal to which the other end of the load 

to the second high potential power supply node 3 and the § is connected. The load 8 connected between the first and 

second low potential power supply node 4, which leads to an second output terminals 7a and 7b is driven by a current 

advantage that a desired output dynamic range can be flowing from the first output terminal 7« to the second output 

obtained even after the differential amplifier circuit 10 is terminal 7b and a current flowing from the second output 

incorporated in a semiconductor integrated circuit device. 45 terminal 7b to the first output terminal 7a, 

In addition, the dynamic range may be set at a potential Reference numeral 9 denotes an output reference potential 

difference that is between two different positive potentials, node to which an output reference potential is applied. In the 

for instance, that are applied to a semiconductor integrated second embodiment, the output reference potential is Vz of 

circuit device. In this case, unnecessarily large power con- the maximum potential difference appearing between the 

sumption can be avoided. 50 first and second output terminals 7a and 7b, that is, Vi of a 

Although the first embodiment is directed to the case difference voltage between the third and fifth potential that 

where the two different positive potentials applied to the is applied to the second and third high potential power 

semiconductor integrated circuit device are 12 V and 5 V, the supply nodes 3a and 3b and the fourth and sixth potential 

potentials are not limited to these values in the present that is applied to the second and third low potential power 

invention. 55 supply potential nodes 4a and 4b, 

Second Embodiment Reference numeral 10a denotes a first differential amph- 

FIG. 3 shows a load driving circuit according to a second fier circuit including a differential amplifier circuit section 

embodiment of the present invention. The load driving 100 and an output buffer circuit 200 as shown in FIG. 2. The 

circuit in this second embodiment includes the differential differential amplifier circuit section 100 is connected to the 

amplifier circuit 10 of the first embodiment. For example, 60 first high potential power supply node 1 and the first low 

the load driving circuit of the second embodiment is a circuit potential power supply node 2, and has an inverting input 

that is incorporated in an actuator motor driver IC for a node connected to the first input terminal 5 and a 

CD-ROM or a DVD and drives an actuator as a load. non-inverting input node connected to the second input 

In FIG. 3, reference numeral 1 denotes a first high terminal 6. The output buffer circuit 200 is connected to the 

potential power supply node to which a first potential Vbs is 65 second high potential power supply node 3a and the second 

applied. In the second embodiment, the first potential Vbs is low potential power supply node 4a, and has input nodes 

the higher of two different positive potentials and is 12 V, for connected to output nodes (first and second output nodes 112 
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and 114) of the differential amplifier circuit section 100 (see element 13, and a ratio (R4/R3) of the resistance R4 to the 

FIG. 2), and an output node connected to the first output resistance R3 of the fifth resistive element 15 is set at 3 to 

terminal la. The first differential amplifier 10a has the same 6. Reference numeral 18 denotes an eighth resistive element 

configuration as the differential amplifier circuit 10 connected to the output reference potential node 9 and the 

described as the first embodiment with reference to FIGS. 1 5 non-inverting input node of the differential amplifier 

and 2. circuit section 100 of the second differential amplifier circuit 

Reference numeral lOfc denotes a second differential lOi). In the second embodiment, the resistance R4 of the 

amplifier circuit includes a differential amplifier circuit eighth resistive element 18 is equal to the resistance R4 of 

section 100 and an output buffer circuit 200 (see FIG. 2). The the seventh resistive element 17. 

differential amplifier circuit section 100 is connected to the lo In the load driving circuit, output signals appear at the first 

first high potential power supply node 1 and the first low and second output terminals la and lb when an input signal 

potential power supply node 2, and has an inverting input shown by reference character "A" in FIG. 4, for instance, is 

node connected to the second input terminal 6 and a applied to the second input terminal 6. In FIG. 4, reference 

non- inverting input node connected to the first input character "B" denotes a reference potential, i.e., an input 

terminal 5. The output buffer circuit 200 is connected to the 15 signal input to the first input terminal 5; reference character 

third high potential power supply node 36 and the third low "C denotes an output reference potential applied to the 

potential power supply node Ab, and has input nodes con- output reference potential node 9; reference character "D" 

ncctcd to output nodes (first and second output nodes 112 denotes a first output potential appearing at the first output 

and 114) of the differential amplifier circuit section 100 (see terminal 7a; reference character "E" denotes a second output 

FIG. 2), and an output node connected to the second output 20 potential appearing at the second output terminal lb. 

terminal lb. The second differential amplifier 10b has the The waveforms shown in FIG. 4 are produced with the 

same configuration as the differential amplifier circuit 10 following settings. The first potential applied to the first 

described as the first embodiment with reference to FIGS. 1 potential high power supply node 1 is set at 12 V. The second 

and 2. potential applied to the first low potential power supply node 

Reference numeral 11 denotes a first resistive element 25 2 is the ground potential. The third and fifth potentials 

connected to the first input terminal 5 and the inverting input applied to the second and third high potential power supply 

node of the differential amplifier circuit section 100 of nodes 3a and 2b are made equal to the first potential, i.e., 12 

the first differential amplifier circuit 10a. Reference numeral V. The fourth and sixth potentials applied to the second and 

12 denotes a second resistive element connected to the third low potential power supply nodes 4a and Ab are 5 V, 

second input terminal 6 and the non-inverting input node 30 The reference potential input to the second input terminal 6 

of the differential amplifier circuit section 100 of the first is 2.5 V. The output reference potential applied to the output 

differential amphfier circuit 10a. In the second embodiment, reference potential node 9 is 8.5 (-(12+5)/2) V. 

the resistance Rl of the second resistive element 12 is equal When the input signal "A'' shown in FIG. 4 is input to the 

to the resistance Rl of the first resistive element 11. Refer- first input terminal 6, the first amplifier circuit 10a outputs, 

ence numeral 13 denotes a third resistive element connected 35 at the first output terminal 7a, a potential (Vin-Vref) (R2/ 

to the inverting input node ' of the differential amplifier Rl)+Vrefm (see waveform "D" in FIG. 4) that is the sum of 

circuit section 100 of the first differential amplifier circuit the output reference voltage Vrefm and a potential (Vin- 

10a and to the output node of the output buffer circuit 200. Vref)(R2/Rl) that is a difference potential, Vin-Vref, mul- 

In the second embodiment, the ratio (R2/R1) of the resis- tiplied by R2/R1, i.e., the difference between a potential Via 

tance R2 of the third resistive element 13 to the resistance 40 at the second input terminal 6 and a potential Vref at the first 

Rl of the first resistive element 11 is 3 to 6. Reference input terminal 5. 

numeral 14 denotes a fourth resistive element connected to On the other hand, the second amplifier circuit 106 

the output reference potential node 9 and the non-inverting outputs, at the second output terminal lb, a potential (Vin- 

input node of the differential amplifier circuit section Vref)(-R4/R3)+ Vrefm (see waveform "E*' in FIG. 4) that is 

100 of the first differential amplifier circuit 10a. In the 45 the sum of the output reference voltage Vrefm and a poten- 

second embodiment, the resistance R2 of the fourth resistive tial (Vin-VreQ(-R4/R3) that is a differential potential, Vin- 

element 14 is equal to the resistance R2 of the third resistive Vref, inverted and multiplied by R4/R3, i.e., the difference 

element 13. between the potential Vin appearing at the second input 

Reference numeral 15 denotes a fifth resistive element terminal 6 and the potential Vref appearing at the first input 

connected to the second input terminal 6 and the inverting 50 terminal 5. The potential appearing at the second output 

input node of the differential amplifier circuit section terminal lb is an inversion of the potential appearing at the 

100 of the second differential amplifier circuit lOfc. In the first output terminal 7a with respect to the output reference 

second embodiment, the resistance R3 of the fifth resistive voltage Vrefm. 

element 15 is equal to the resistance Rl of the first resistive Therefore, a difference potential between the potentials 

element 11. Reference numeral 16 denotes a sixth resistive 55 appearing at the first and second output terminals 7a and 76 

element connected to the first input terminal 5 and the is appfied to the load 8, and a current conesponding to the 

non-inverting input node of the differential amplifier difference potential flows through the load 8. 

circuit section 100 of the second differential amplifier circuit Under these conditions, the maximum difference between 

106. In the second embodiment, the resistance R3 of the the potentials appearing at the first and second output 

sixth resistive element 16 is equal to the resistance R3 of the 60 terminals 7a and 76 corresponds to a difference between the 

fifth resistive element 15, Reference numeral 17 denotes a maximum potential of 12 V and the minimum potential of 5 

seventh resistive element provided between the inverting V at the outputs of the first and second differential amplifier 

input node "-" of the differential ampfifier circuit section circuits 10a and 106. 

100 of the second differential amplifier circuit 106 and the Thus, the load driving circuit includes the first and second 

output node of the output buffer circuit 200. In the second 65 differential amplifier circuits 10a and 106, each of which has 

embodiment, a resistance R4 of the seventh resistive ele- a dynamic range (about 7 V) that is lower than the higher 

ment 17 is equal to the resistance R2 of the third resistive potenUal (12 V) and higher than the lower potential (5 V) of 
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the positive potentials applied to the load driving circuit is located on the surface of the semiconductor substrate 

concerned. Further, an advantage is obtained that a differ- "sub" and supplied with a fourth potential (in the third 

ence potential (about 7 V) that is lov^er than the higher embodiment, the ground potential for the third load driving 

positive potential (12 V) and higher than the lower positive circuit 23) from outside of the semicoDductor integrated 

power supply potential (5 V) can be output between the first 5 circuit device. 

and second output terminals la and lb to which the load 8 Reference numeral 51 denotes a first output pad for the 

is connected. first load driving circuit 21, which pad is located on the 

Third Embodiment surface of the semiconductor substrate "sub" and connected 

FIG. 5 shows a semiconductor integrated circuit device to one end of the first load 31. Numeral 52 denotes a second 

according to a third embodiment of the present invention. lO output pad for the first load driving circuit 21, which pad is 

The semiconductor integrated circuit device in this second located on the surface of the semiconductor substrate "sub" 

embodiment may be an actuator motor driver IC for a and connected to the other end of the first load 31. Reference 

CD-ROM or a DVD, for instance. To drive a plurality of numeral 53 denotes a first output pad for the second load 

actuators as loads that arc to receive different voltages, an driving circuit 22, which pad is located on the surface of the 

actuator motor driver IC incorporates a plurality of load 15 semiconductor substrate "sub" and connected to one end of 

driving circuits. the second load 32. Reference numeral 54 denotes a second 

FIG. 5 shows an example that incorporates three kinds of output pad for the second load driving circuit 22, which pad 

load driving circuits, that is, a first load driving circuit 21 for is located on the surface of the semiconductor substrate 

driving an actuator (first load 31) that is to be driven so as "sub" and connected to the other end of the second load 32. 

to receive a power supply voltage of about 12 V, a second 20 Reference numeral 55 denotes a first output pad for the third 

load driving circuit 22 for driving another actuator (second load driving circuit 23, which pad is located on the surface 

load 32) that is to receive a voltage of about 7 V, and a third of the semiconductor substrate "sub" and connected to one 

load driving circuit 23 for driving still another actuator (third end of the third load 33. Reference numeral 56 denotes a 

load 33) that is to receive a voltage of about 5 V second output pad for the third load driving circuit 23, which 

In FIG. 5, reference numeral 41 denotes a first high 25 pad is located on the surface of the semiconductor substrate 

potential power supply pad located on the surface of a "sub" and connected to the other end of the third load 33, 

semiconductor substrate "sub" and supplied with a first The first load driving circuit 21 is located on the surface 

potential (12 V in the third embodiment) from outside of the of the semiconductor substrate "sub" and drives and controls 

semiconductor integrated circuit device. Reference numeral the first load 31. The first load driving circuit 21 has the 

42 denotes a first low potential power supply pad located on 30 same configuration as the load driving circuit described as 

the surface of the semiconductor substrate "sub" and sup- the second embodiment with reference to FIG. 3. The first 

plied with a second potential (ground potential (GND) in the high potential power supply node 1 and the first low poten- 

third embodiment) from outside of the semiconductor inte- tial power supply node 2, to which the differential amplifier 

grated circuit device. circuit sections 100 of the first and second differential 

Reference numeral 43 denotes a second high potential 35 amplifier circuits 10a and lOfc of the first load driving circuit 

power supply pad for the first load driving circuit 21, the pad 21 are connected, are electrically connected to the first high 

being located on the surface of the semiconductor substrate potential power supply pad 41 and the first low potential 

"sub" and supplied with a third potential (in the third power supply pad 42, respectively. The second and third 

embodiment, 12 V for the first load driving circuit 21) from high potential power supply nodes 3a and 3!?, to which the 

outside the semiconductor integrated circuit device. Refer- 40 output buffer circuits 200 of the first and second differential 

ence numeral 44 denotes a second low potential power amplifier circuits 10a and Wb of the first load driving circuit 

supply pad for the first load driving circuit 21, located on the 21 are connected, are electrically connected to the second 

surface of the semiconductor substrate "sub", and supplied high potential power supply pad 43, The second and third 

with a fourth potential (in the third embodiment, the ground low potential power supply nodes 4a and 4Zj are electrically 

potential for the first load driving circuit 21) from outside the 45 connected to the second low potential power supply pad 44. 

semiconductor integrated circuit device. The first and second output terminals 7a and lb of the first 

Reference numeral 45 denotes a second high potential load driving circuit 21 are connected to the output pads 51 

power supply pad for the second load driving circuit 22, and 52, respectively. 

which pad is located on the surface of the semiconductor Thus, in the third embodiment, as shown in the equivalent 
substrate "sub" and supplied with a third potential (in the 50 circuit diagram of FIG. 6, each differential amplifier circuit 
third embodiment, 12 V for the second load driving circuit section 100 and each output buffer circuit 200 is driven by 
22) from outside of the semiconductor integrated circuit 12 V in the first and second differential amplifier circuits 10a 
device. Reference numeral 46 denotes a second low poten- and lOi) of the first load driving circuit 21. 
tial power supply potential pad for the second load driving Further, a potential difference that is about 12 V at the 
circuit 22, which pad is located on the surface of the 55 maximum appears between the first and second output pads 
semiconductor substrate "sub" and supplied with a fourth 51 and 52, and hence allows driving of the first load 31. 
potential (in the third embodiment, 5 V for the second load The second load driving circuit 22 is located on the 
driving circuit 22) from outside of the semiconductor inte- surface of the semiconductor substrate "sub" and drives and 
grated circuit device. controls the second load 32. The second load driving circuit 
Reference numeral 47 denotes a second high potential so 22 has the same configuration as the load driving circuit 
power supply pad for the third load driving circuit 23, which described as the second embodiment with reference to FIG. 
pad is located on the surface of the semiconductor substrate 3. The first high potential power supply node 1 and the first 
"sub" and supplied with a third potential (in the third low potential power supply node 2, to which the differential 
embodiment, 5 V for the third load driving circuit 23) fi:om amplifier circuit sections 100 of the first and second differ- 
outside of the semiconductor integrated circuit device. Ref- 65 ential amplifier circuits 10a and 106 of the second load 
erence numeral 48 denotes a second low potential power driving circuit 22 are connected, are electrically connected 
supply pad for the third load driving circuit 23, which pad to the first high potential power supply pad 41 and the first 
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low potential power supply pad 42, respectively. The secoad 
and third high potential power supply nodes 3fl and 3^^^ to 
which the output buffer circuits 200 of the first and second 
differential amphfier circuits 10a and 106 of the second load 
driving circuit 22 are connected, are electrically connected 5 
to the second high potential power supply pad 45. The 
second and third low potential power supply nodes 4a and 
4b are electrically connected to the second low potential 
power supply pad 46. The first and second output terminals 
7a and 7b of the second load driving circuit 22 are connected lO 
to the output pads 53 and 54, respectively. 

Thus, in the third embodiment, as shown in the equivalent 
circuit diagram of FIG. 7, each differential amplifier circuit 
section 100 is driven by 12 V and each output buffer circuit 
200 is driven by 7 V (difference voltage between 12 V and 15 
5 V) in the first and secoad differential amplifier circuits 10a 
and 10b of the second load driving circuit 22. 

Further, a potential difference that is about 7 V at the 
maximum appears between the first and second output pads 
53 and 54, and hence allows driving of the second load 32. 20 

The third load driving circuit 23 is located on the surface 
of the semiconductor substrate "sub" and drives and controls 
the third load 33. The third load driving circuit 23 has the 
same configuration as the load driving circuit described in 
the second embodiment with reference to FIG. 3. The first 25 
high potential power supply node 1 and the first low poten- 
tial power supply node 2, to which the differential amplifier 
circuit sections 100 of the first and second differential 
amplifier circuits 10a and 10^ of the third load driving 
circuit 23 are connected, are electrically connected to the 30 
first high potential power supply pad 41 and the first low 
potential power supply pad 42, respectively. The second and 
third high potential power supply nodes 3a and Zb, to which 
the output buffer circuits 200 of the first and second differ- 
ential amphfier circuits 10a and 10b of the third load driving 35 
circuit 23 are connected, are electrically connected to the 
second high potential power supply pad 47. The second and 
third low potential power supply nodes 4a and 4b are 
electrically connected to the second potential low power 
supply pad 48. The first and second output terminals 7a and 40 
7b of the third load driving circuit 23 are connected to the 
output pads 55 and 56, respectively. 

Thus, in the third embodiment, as shown in the equivalent 
circuit diagram of FIG. 8, each differential amplifier circuit 
section 100 is driven by 12 V and each output buffer circuit 45 
200 is driven by 5 V in the first and second differential 
amplifier circuits 10a and 10b of the third load driving 
circuit 23. 

Further, a potential difference that is about 5 V at the 
maximum appears between the first and second output pads 50 
55 and 56, and hence allows driving of the third load 33. 

The semiconductor integrated circuit device provides the 
following advantage. The semiconductor integrated circuit 
device can incorporate the first to third load driving circuits 
21-23 irrespective of the kind of the first to third loads 55 
31-33. In connecting the first to third loads 31-33 to the first 
and second output pads 51-56, the first to third load driving 
circuits 21-23 can be made suitable for the first to third loads 
31-33, respectively, by properly selecting power supply 
potentials applied to the second high potential and low 60 
potential power supply pads 43-48. 

Although the third embodiment includes three load driv- 
ing circuits 21-23, in the present invention the number of 
load driving circuits is not hmited to three. 

Obviously many modifications and variations of the 65 
present invention are possible in light of the above teach- 
ings. It is therefore to be understood that within the scope of 
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the appended claims, the invention may by practiced other- 
wise than as specifically described. 
What is claimed is: 

1. A load driving circuit comprising: 
a first high potential power supply node to which a first 

potential is applied; 
a first low potential power supply node to which a second 

potential, lower than the first potential, is applied; 
a second high potential power supply node to which a 
third potential, different from the first potential, is 
apphed; 

a second low potential power supply node to which a 
fourth potential, lower than the third potential, is 
applied; 

a third high potential power supply node to which a fifth 
potential, different from the first potential, is applied; 
a third low potential power supply node to which a sixth 

potential, lower than the fifth potential, is applied; 
a first input terminal to which a first input signal is 
apphed; 

a second input terminal to which a second input signal is 
apphed; 

first and second output terminals to which a load is to be 
connected; 

a first differential amphfier circuit including: 

a first differential amphfier circuit section connected to 
the first high potential power supply node and the 
first low potential power supply node, and having a 
non-inverting input node connected to the second 
input terminal, an inverting input node connected to 
the first input terminal, and an output node; and 
a first output buffer circuit connected to the second high 
potential power supply node and the second low 
potential power supply node, and having an input 
node connected to the output node of the first dif- 
ferential amplifier circuit section and an output node 
connected to the first output terminal; and 
a second differential amplifier circuit including: 

a second differential amplifier circxiit section connected 
to the first high potential power supply node and the 
first low potential power supply potential node, and 
having a non-inverting input node connected to the 
first input terminal, an inverting input node con- 
nected to the second input terminal, and an output 
node; and 

a second output buffer circuit connected between the 
third high potential power supply potential node and 
the third low potential power supply potential node, 
and having an input node connected to the output 
node of the second differential amplifier circuit sec- 
tion and an output node cormected to the second 
output terminal. 

2. The load driving circuit according to claim 1, wherein 
the third and fifth potentials are equal to each other, and the 
fourth and sixth potentials are equal to each other. 

3. The load driving circuit according to claim 2, wherein 
the first potential is a positive power supply potential and the 
second potential is a ground potential, and wherein the third 
and fifth potentials are equal to the first potential and the 
fourth and sixth potentials are a positive potential higher 
than the ground potential. 

4. The load driving circuit according to claim 3, wherein 
the first input signal is a reference potential. 

5. The load driving circuit according to claim 4, further 
comprising: 
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an output reference potential node to which an output 
reference potential is applied; 

a first resistive element connecting the inverting input 
node of the first differential amplifier circuit section to 
the first input terminal; 5 

a second resistive element connecting the non-inverting 
input node of the first differential amplifier circuit 
section to the second input terminal; 

a third resistive element connecting the inverting input 
node of the first differential amplifier circuit section to 
the output node of the first output buffer circuit; 

a fourth resistive element connecting the output reference 
potential node to the non-inverting input node of the 
first differential amplifier circuit section; 15 

a fifth resistive element connecting the inverting input 
node of the second differential amplifier circuit section 
to the second input terminal; 

a sixth resistive element connecting the non-inverting 
input node of the second differential amplifier circuit 20 
section to the first input terminal; 

a seventh resistive element connecting the inverting input 
node of the second differential amplifier circuit section 
to the output node of the second output buffer circuit; 
and ^ 

an eighth resistive element connecting the output refer- 
ence potential node to the non-inverting input node of 
the second differential amplifier circuit section. 

6. The load driving circuit according to claim 5, wherein 
the first and second resistive elements have the same 
resistance, the third and fourth resistive elements have the 
same resistance, the fifth and sixth resistance elements have 
the same resistance, and the seventh and eighth resistive 
elements have the same resistance. 

7. The load driving circuit according to claim 2, wherein 
the first input signal is a reference potential. 

8. The load driving circuit according to claim 7, further 
comprising: 

an output reference potential node to which an output 40 

reference potential is applied; 
a first resistive element connecting the inverting input 

node of the first differential amplifier circuit section to 

the first input terminal; 
a second resistive element connecting the non-inverting 45 

input node of the first differential amplifier circuit 

section to the second input terminal; 
a third resistive element connecting the inverting input 

node of the first differential amplifier circuit section to 

the output node of the first output buffer circuit; 
a fourth resistive element connecting the output reference 

potential node to the non-inverting input node of the 

first differential amplifier circuit section; 
a fifth resistive element connecting the inverting input 

node of the second differential amplifier circuit section 

to the second input terminal; 
a sixth resistive element connecting the non-inverting 

input node of the second differential amplifier circuit 

section to the first input terminal; 
a seventh resistive element connecting the inverting input 

node of the second differential amplifier circuit section 

to the output node of the second output buffer circuit; 

and 

an eighth resistive element cormecting the output refer- 65 
ence potential node to the non-inverting input node of 
the second differential amplifier circuit section. 
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9. The load driving circuit according to claim 8, wherein 
the first and second resistive elements have the same 
resistance, the third and fourth resistive elements have the 
same resistance, the fifth and sixth resistance elements have 
the same resistance, and the seventh and eighth resistive 
elements have the same resistance. 

10. The load driving circuit according to claim 2, further 
comprising: 

an output reference potential node to which an output 

reference potential is applied; 
a first resistive element connecting the inverting input 

node of the first differential amplifier circuit section to 

the first input terminal; 
a second resistive element connecting the non-inverting 

input node of the first differential amplifier circuit 

section to the second input terminal; 
a third resistive element connecting the inverting input 

node of the first differential amplifier circuit section to 

the output node of the first output buffer circuit; 
a fourth resistive element connecting the output reference 

potential node to the non-inverting input node of the 

first differential amplifier circuit section; 
a fifth resistive element connecting die inverting input 

node of the second differential amplifier circuit section 

to the second input terminal; 
a sixth resistive element connecting the non-inverting 

input node of the second differential amplifier circuit 

section to the first input terminal; 
a seventh resistive element connecting the inverting input 

node of the second differential amplifier circuit section 

to the output node of the second output buffer circuit; 

and 

an eighth resistive element connecting the output refer- 
ence potential node to the non-inverting input node of 
the second differential ampUfier circuit section. 

11. The load driving circuit according to claim 10, 
wherein the first and second resistive elements have the 
same resistance, the third and fourth resistive elements have 
the same resistance, the fifth and sixth resistance elements 
have the same resistance, and the seventh and eighth resis- 
tive elements have the same resistance. 

12. The load driving circuit according to claim 1, wherein 
the first input signal is a reference potential. 

13. The load driving circuit according to claim 12, further 
comprising: 

an output reference potential node to which an output 

reference potential is applied; 
a first resistive element connecting the inverting input 

node of the first differential amplifier circuit section to 

the first input terminal; 
a second resistive element connecting the non-inverting 

input node of the first differential amplifier circuit 

section to the second input terminal; 
a third resistive element connecting the inverting input 

node of the first differential amplifier circuit section to 

the output node of the first output buffer circuit; 
a fourth resistive element connecting the output reference 

potential node to the non-inverting input node of the 

first differential amplifier circuit section; 
a fifth resistive element connecting the inverting input 

node of the second differential amplifier circuit section 

to the second input terminal; 
a sixth resistive element connecting the non-inverting 

input node of the second differential amplifier circuit 

section to the first input terminal; 
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a seventh resistive element connecting the inverting input 
node of the second differential amplifier circuit section 
to the output node of the second output buffer circuit; 
and 

an eighth resistive element connecting the output refer- 
ence potential node to the non-inverting input node of 
the second differential amplifier circuit section. 

14. The load driving circuit according to claim 13, 
wherein the first and second resistive elements have the 
same resistance, the third and fourth resistive elements have 
the same resistance, the fifth and sixth resistance elements 
have the same resistance, and the seventh and eighth resis- 
tive elements have the same resistance. 

15. The load driving circuit according to claim 1, further 
comprising: 

an output reference potential node to which an output 

reference potential is applied; 
a first resistive element connecting the inverting input 

node of the first differential amplifier circuit section to 

the first input terminal; 
a second resistive element connecting the non-inverting 

input node of the first differential amplifier circuit 

section to the second input terminal; 
a third resistive element connecting the inverting input 

node of the first differential amplifier circuit section to 

the output node of the first output buffer circuit; 
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a fourth resistive element connecting the output reference 
potential node to the non-inverting input node of the 
first differential amplifier circuit section; 

a fifth resistive element connecting the inverting input 
node of the second differential amplifier circuit section 
to the second input terminal; 

a sixth resistive element coimecting the non-inverting 
input node of the second differential amplifier circuit 
section to the first input terminal; 

a seventh resistive element connecting the inverting input 
node of the second differential amplifier circuit section 
to the output node of the second output buffer circuit; 
and 

an eighth resistive element connecting the output refer- 
ence potential node to the non-inverting input node of 
the second differential ampUfier circuit section. 
16. The load driving circuit according to claim 15, 
wherein the first and second resistive elements have the 
same resistance, the third and fourth resistive elements have 
the same resistance, the fifth and sixth resistance elements 
have the same resistance, and the seventh and eighth resis- 
tive elements have the same resistance. 
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